Introduction: Diagnosis of chronic hepatitis B virus (HBV) infection particularly its occult form requires monitoring and repeat serological and molecular studies. The aim of the study was to investigate the possible relation between the case of a family outbreak of hepatitis A and the finding that a member of this family was diagnosed with chronic hepatitis B. Methodology: A mother and her two sons, one previously diagnosed with chronic HBV infection, were hospitalized due to suspected acute hepatitis. Serological markers for hepatitis A, hepatitis B and hepatitis C were assessed. Additionally, HBV DNA was tested with a sensitive PCR. Hepatitis B vaccine was administered to the mother to differentiate resolved from occult HBV infection. Results: A family outbreak of hepatitis A was confirmed, alongside a focus of chronic HBV infection. The serological profile for two brothers was HBsAg(+), anti-HBcIgM(-), anti-HBc(+), HBcAg(-)/anti-HBe(+). The mother was negative for all HBV markers except anti-HBc. HBV DNA was detected at a level of 461 IU/mL in the elder brother, 3647 IU/mL in the younger brother and was negative in the mother on two occasions. Her anti-HBc alone, having two sons with chronic HBV infection, and her lack of antibody response to hepatitis B vaccine despite being negative for HBV DNA, led to the diagnosis of probable occult HBV infection. Conclusion: Our results confirmed that a vaccination approach could facilitate diagnosis of chronic HBV infection in the presence of isolated anti-HBc. If it were not for a family outbreak of hepatitis A, this unexpected family HBV focus would not have been revealed.
Introduction
Chronic hepatitis B virus (HBV) infection is a potentially life-threatening liver condition with serious complications, such as liver cirrhosis and hepatocellular carcinoma. A panel of serological tests is used to differentiate the HBV status of the patients. Antibodies to hepatitis B core antigen (anti-HBс) are produced in all individuals exposed to HBV and usually remain detectable for life. For that reason, anti-HBс are generally accepted as the most reliable serological marker of HBV infection and serve for both diagnostic and epidemiological purposes [1, 2] . Positive anti-HBc in the absence of other HBV serological markers are referred to as "isolated anti-HBc" [3] . The frequency of "isolated anti-HBc" has significant variability, ranging between 1% and 20% depending on the prevalence of HBV infection in the population tested [4] [5] [6] . In areas non-endemic for HBV, some sub-populations such as persons with chronic hepatitis C virus infection, HIV infection, or users of injected drugs also have a relatively high frequency of "isolated anti-HBc" [7, 8] . Based on the limited data in Bulgaria, the prevalence of "isolated anti-HBc "is low (2.08%) but this requires additional verification [9] .
"Isolated anti-HBc" could be indicative of acute, resolved, overt, or occult chronic HBV infection [10] . Occult HBV infection (OBI) is a recently recognized entity and one of the most challenging and important issues in the field of viral hepatitis [11] [12] [13] [14] [15] . In 2008 it was defined as the detection of HBV DNA in the liver (with or without HBV DNA in serum), in the absence of hepatitis B surface antigen (HBsAg) [16] . Distinguishing between these conditions is possible using additional serial serological and virological tests, as well as assessment of the degree of liver damage by biopsy, which is expensive and not always readily available [16] . It is possible that testing the level of protective antibodies to HBsAg (anti-HBs), following administration of hepatitis B vaccine could provide additional diagnostic information [17] . This vaccination approach could substitute molecular methods, especially in resource-limited countries.
Low viral replication in the liver in OBI generally indicates a favorable prognosis and low risk of chronic HBV consequences. Regarding the clinical significance of OBI, there are a few potential risks. First, there is a danger of HBV transmission during blood transfusion, albeit small, or through organ transplantation, especially liver transplantation from OBI positive donors. Second, there is a considerable risk of reactivation of HBV during immunosuppressive therapy, in particular with rituximab. Since this reactivation can manifest as fulminant hepatitis, all candidates for organ transplantation or immunosuppressive therapy should be screened for HBV markers and should receive prophylactic antiviral therapy to inhibit replication if necessary [18] . Finally, OBI might favor or accelerate the progression towards cirrhosis in patients with chronic hepatitis C infection and alcoholic liver disease [19, 20] .
The aim of the study was to investigate the possible relation between the case of a family outbreak of hepatitis A and the fact that one member of this family was diagnosed with chronic hepatitis B infection.
Methodology
Three patients from the same household were simultaneously admitted and treated for viral hepatitis at the Department of Infectious Diseases at St George University Hospital in Plovdiv, Bulgaria, in January 2016. They were two brothers (patient No.1, aged 33 years and patient No.2, aged 28 years) and their mother, aged 54 years (No.3) (Figure 1 ).
Clinical history
HBsAg was detected in the younger brother (patient No.2) on an attempt to donate blood in 2015. Later, he was diagnosed with chronic hepatitis B not eligible for antiviral therapy. The level of HBV DNA was 3647 IU/mL and liver biopsy showed chronic hepatitis with moderate activity (MetavirА2F1). At that time, no epidemiological study of the contacts was performed.
Their father died in 2015 (he had a history of liver and pancreatic disease, however, no direct medical evidence was available).
Serological tests
The patients were tested for anti-hepatitis A virus (HAV), HBV, comprising HBsAg, anti-HBs, hepatitis B e antigen (HBeAg) and antibodies to HBeAg (antiHBe), anti-hepatitis C virus (НСV) as well as antihuman immunodeficiency virus (HIV1/HIV2), using enzyme-linked immunosorbent assay (ELISA). The following commercial kits were employed: anti-HАV-IgM (DiaPro, Milano, Italy); HBsAg (Biokit, Barcelona, Spain), HBeAg (DiaPro, Milano, Italy/Vidas), anti-HBc-IgM (DiaPro, Milano, Italy), anti-HBc-total (Biokit, city, Spain/Vidas), anti-HBe (DiaPro, Milano, Italy/Vidas), anti-HBs (Biokit, Barcelona, Spain/Vidas); anti-HCV (Biokit, Barcelona, Spain /Vidas); anti-HIV1/2 (Biokit, Barcelona, Spain). Samples with positive anti-HBc results were retested using Abbott Architect kit (Germany). In the absence of other HBV markers, those positive for anti-HBc-total by both kits were defined as "isolated anti-HBc".
All testing was performed at the Virology Laboratory at St. George University Hospital, Plovdiv, and results were interpreted according to manufacturer's instructions.
HBV DNA detection in plasma
Polymerase chain reaction (PCR) was used to test for HBV DNA employing two commercial kits:
1. Artus HBV DNA RG RT-PCR Kit, Time PCR, Rotor-Gene Q instrument (lower limit of detection, LLD 9 IU/mL). The test was performed at the Laboratory for Molecular Diagnosis of Liver Diseases at St. I. Rilski University Hospital, Sofia.
2. Abbott Real Time HBV PCR assay (Abbott Molecular, Wiesbaden, Germany) (LLD 9 IU/mL). The test was performed at the National Reference Laboratory for Hepatitis Viruses at the National Center for Infectious and Parasitic Diseases, Sofia.
All tests were performed and interpreted in accordance with manufacturer's instructions.
Biochemical studies
Аspartate aminotransferase, alanine aminotransferase, alkaline phosphatase, and gamma glutamyl-transferase were identified by the Central Clinical Laboratory of St George University Hospital, Plovdiv using common automated spectrophotometric methods. If necessary, tests were repeated at monthly intervals.
Hepatitis B vaccine immunization
Immunization with hepatitis B vaccine was used as an indirect approach to verify the diagnostic value of the "isolated anti-HBc" in the mother (patient No.3). A standard immunization schedule was used consisting of three doses (initial, at 1 month and 6 months). Recombinant hepatitis B vaccine (Engerix B, GSK, Belgium, 20 µg HbsAg, 1 mL) was employed and immunization started 6 months after the registration of the outbreak.
The immune response was evaluated based on the level of anti-HBs antibodies. Primary immune response and protective immunity were defined as having antiHBs levels ≥ 10mIU/mL one month after completion of the vaccination schedule [21] . Secondary (anamnestic) immune response was determined when anti-HBs level was ≥ 10 mIU/mL one month after a single (booster) dose. Lack of immune response was defined as levels of anti-HBs at <10mIU/mL one month following the completion of the vaccine schedule [22] .
All patients signed an informed consent for the testing; the immunized patient signed an additional consent.
Results
Two foci of infection were detected: acute hepatitis A and chronic HBV in two more patients: the elder brother (patient No.1) and the mother (patient No.3). The results of the serological and molecular tests of the patients from the family outbreak of hepatitis A are presented in Figure 1 .
The laboratory profile of the elder brother (patient No.1) -HBsAg(+), anti-HBc-IgM(-), anti-HBc(+), antiHBe(+), HBV DNA 461 IU/mL and persisting HBsAg during the six-month follow-up, supported the diagnosis of chronic HBV infection. After six months the patient was referred to a gastroenterologist for further management.
The mother (patient No.3) tested positive only for "isolated аnti-HBc" on three separate occasions at twomonth intervals, regardless of which of the two commercial kits was used. HBV DNA was tested repeatedly at 6 month intervals with sensitive PCR, but the result was always negative.
It was suspected that the mother had had previous exposure to HBV, with subsequent drop of anti-HBs below the level of detection. She received a booster vaccine dose, but after one month did not exhibit аnti-HBs. The immunization was completed with two additional doses. One month and three months later, the level of anti-HBS remained undetectable. The mother was also referred to a gastroenterologist for further assessment for possible chronic HBV infection.
The elder brother was monitored for 6 months and the mother for up to a year. Over this period, they had no clinical complaints and their aminotransferase levels were normal. The younger brother (patient No.2) was also free of complaints.
Discussion
In the present report investigating a family outbreak of hepatitis A, an unexpected focus of chronic HBV infection was detected -two brothers and their mother, who was presumed to have been the likely source of infection for her sons.
Hepatitis A outbreak investigation has led to the diagnosis of chronic HBV infection in the elder brother. The presence of HBV DNA <2,000 IU/mL indicates a low replicative infection. This condition could have been identified one year earlier if he had been investigated as a contact of his younger brother who was then diagnosed with chronic HBV infection.
A key determinant of HBV chronicity is the age at which the infection is acquired. In infants up to one year of age, who have not received hepatitis B immunoglobulin and hepatitis B vaccine, the risk is 90%. It declines to 20-50% in infants 1 to 5 years of age [23] . The fact that both brothers had chronic HBV infection led us to consider that their mother was the likely source of infection for them both and that the transmission had occurred in the past.
The serological profile of the mother is particularly interesting -"isolated anti-HBc" as the only marker of HBV. "Isolated anti-HBc" might be a false positive, especially in countries with a low prevalence of the infection and in individuals without risk factors (e.g. blood donors). The mother's positive anti-HBc antibodies in three separate investigations with two different commercial kits, however, make the latter explanation less likely. No viral replication was detected even when a sensitive PCR test was used.
To sum up, the mother's "isolated anti-HBc" state, her having two sons with chronic HBV infection and her lack of antibody response to hepatitis B vaccine despite the negative HBV DNA result, taken together led to the diagnosis of probable OBI.
In a strict definition of OBI, the presence of HBV DNA in the hepatic tissue is a requirement, regardless of serum HBV DNA, with negative HBsAg [16] . This occurs frequently in combination with anti-HBc(+). HBV replication has been significantly, but not absolutely, suppressed by the host immune defenses. HBV has been preserved as covalently-closed-circular DNA (ccc DNA) in the nuclei of hepatocytes for a long period of time [16] . According to their history of HBV exposure, patients with OBI could be classified into three groups. The first group comprises the patients with definite past history of self-limiting acute HBVthey undergo a short period of negative HBsAg state with persistent low HBV DNA levels. The second consists of patients with known long-standing chronic HBV infection, who have achieved serum clearance of HBsAg (seroclearance). They have no complaints, their aminotransferase levels are normal and liver tissue histology shows normal or minimal damage. Most patients with OBI fall into this category, which is typical for regions with high HBV prevalence. And finally, a small group of patients without prior history have what is called 'primary occult hepatitis' -they are negative for all serum HBV markers in most cases [12, 24] .
The mainstay of diagnosis of OBI infection is the detection of HBV DNA in the liver tissue. Blood viremia is low, under 200 IU/mL, and commonly fluctuates [16] . In 90% of the cases, the levels are under 20 IU/mL or even undetectable [25] . The low-level viremia and its undulating character makes detection of OBI difficult even when standardized and sensitive amplification assays are used. Consequently, continuous monitoring and sequential testing of patients for HBV DNA levels and liver enzymes are recommended [26] . The detection of HBV DNA in liver tissue is the most accurate method, albeit invasive and not always available [27] . In our case, liver biopsy was not performed because of ethical considerations. For logistic reasons, we were able to monitor and test the mother for DNA HBV only twice within one year ,which is one limitation of the study. HBV genotype testing in the brothers was not performed, which represents another limitation.
When PCR is unavailable to confirm the diagnosis, "isolated аnti-HBc" could be used as a diagnostic marker. These antibodies are considered a sentinel marker of HBV occult infection [16, 27] .
The response to hepatitis B vaccine could aid in the differentiation of immune patients from those with chronic infection. After the negative HBV DNA result in the mother, immunization with hepatitis B vaccine was used to detect whether anti-HBs antibodies were formed. Immune individuals with undetectable antiHВs usually develop secondary (anamnestic) immune response following administration of a single dose. Conversely, individuals with chronic HBV infection do not respond to the vaccine [28, 30] , as in our case. The absence of protective immunity one month following the initial dose and after the completion of the immunization schedule in the mother is highly supportive of a diagnosis of OBI.
Conclusion
In conclusion, while investigating a family outbreak of hepatitis A, we diagnosed patients co-infected with chronic HBV infection. The result of our study has confirmed that hepatitis B vaccine might also be used as a diagnostic tool, especially in low-income settings where other tests are not available. The absence of immune response, together with the presence of "isolated anti-HBc" is highly supportive of the diagnosis of OBI in the mother. Ironically, it was the family outbreak of hepatitis A that resulted in revealing this HBV infection focus.
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